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Recommendations 

Major Recommendations 

ACR Appropriateness Criteria® 

Clinical Condition : Osteoporosis and Bone Mineral Density 

Variant 1 : Asymptomatic BMD screening or individuals with established or clinically suspected low BMD. 

All women age 65 years and older and men age 70 years and older (asymptomatic screening) 
Women younger than age 65 years who have additional risk for osteoporosis, based on medical 
history and other findings. Additional risk factors for osteoporosis include: 

Estrogen deficiency 

A history of maternal hip fracture that occurred after the age of 50 years 
Low body mass (<127 lb or 57.6 kg) 

History of amenorrhea (>1 year before age 42 years) 








Women younger than age 65 years or men younger than age 70 years who have additional risk 
factors, including: 

Current use of cigarettes 
Loss of height, thoracic kyphosis 

Individuals of any age with bone mass osteopenia or fragility fractures on imaging studies such as 
radiographs, CT, or MRI 

Individuals age 50 years and older who develop a wrist, hip, spine, or proximal humerus fracture with 

minimal or no trauma, excluding pathologic fractures 

Individuals of any age who develop 1 or more insufficiency fractures 

Individuals being considered for pharmacologic therapy for osteoporosis 

Individuals being monitored to: 

Assess the effectiveness of osteoporosis drug therapy 
Follow up medical conditions associated with abnormal BMD 


Radiologic Procedure 

Rating 

Comments 

RRL* 

DXA lumbar spine and hip(s) 

9 


9 

QCT lumbar spine and hip 

6 


9 99 

DXA distal forearm 

5 


9 

TBS lumbar spine 

4 


9 

QUS calcaneus 

2 


O 

SXA distal forearm 

2 


9 

pQCT distal forearm 

2 


9 

X-ray axial skeleton 

1 


Varies 

X-ray appendicular skeleton 

1 


9 9 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usually 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 2 : In patients with T-scores less than -1.0 and one of more of the following: 

Women age >70 years or men age >80 years 
Historical height loss >4 cm (>1.5 inches) 

Self-reported but undocumented prior vertebral fracture 

Glucocorticoid therapy equivalent to >5 mg of prednisone or equivalent per day for >3 months 


Radiologic Procedure 

Rating 

Comments 

RRL* 

DXA VFA 

9 


9 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usuallv 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Variant 3 : Follow-up. Patients demonstrated to have risk for fracture of low density. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

DXA lumbarspine and hip(s) 

9 


9 

QCT lumbarspine and hip 

7 


999 

DXA VFA 

5 


9 
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TBS lumbar spine 

Racing 



Comments 


Z 


® 

QUS calcaneus 

1 


0 

SXA distal forearm 

1 


® 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate; 4.5.6 Mav be aDDroDriate: 7.8.9 Usually 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 4 : Identify low BMD. Premenopausal females with risk factors. Males 20 to 50 years of age with 
risk factors. 

Individuals with medical conditions that could alter BMD, such as: 

Chronic renal failure 

Rheumatoid arthritis and other inflammatory arthritides 
Eating disorders, including anorexia nervosa and bulimia 
Organ transplantation 
Prolonged immobilization 

Conditions associated with secondary osteoporosis, such as gastrointestinal malabsorption or 
malnutrition, sprue, osteomalacia, vitamin D deficiency, endometriosis, acromegaly, chronic 
alcoholism or established cirrhosis, and multiple myeloma 

Individuals who have had gastric bypass for obesity. The accuracy of DXA in these patients 
might be affected by obesity 

Individuals with an endocrine disorder known to adversely affect BMD (e.g., 
hyperparathyroidism, hyperthyroidism, or Cushing syndrome) 

Individuals receiving (or expected to receive) glucocorticoid therapy for >3 months 
Hypogonadal men older than 18 years and men with surgically or chemotherapeutically induced 
castration 

Individuals beginning or receiving long-term therapy with medications known to adversely affect BMD 
(e.g., anticonvulsant drugs, androgen deprivation therapy, aromatase inhibitor therapy, or chronic 
heparin) 


Radiologic Procedure 

Rating 

Comments 

RRL* 

DXA lumbar spine and hip(s) 

9 


® 

DXA distal forearm 

8 


® 

QCT lumbarspine and hip 

3 


® ® ® 

pQCT distal forearm 

3 


® 

QUS calcaneus 

1 


0 

SXA distal forearm 

1 


® 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usuallv 

appropriate 

*Relative 

Radiation 

Level 


Variant 5 : Follow-up to low BMD. Premenopausal females with risk factors. Males 20 to 50 years of age 
with risk factors. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

DXA lumbarspine and hip(s) 

9 


® 

DXA distal forearm 

8 


® 

QCT lumbarspine and hip 

3 


® ® ® 

D0t@Tid<teEKbfereto.r2ri3 Usuallv n 

ot apprdpriate; 

4,5,6 May be appropriate; 7,8,9 Usually 

*Re®tive 






































Procedure 

Racing 

Comments 

Riy* 





SXA distal forearm 

1 


© 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usually 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 6 : Diagnosis. Males and females >50 years of age with advanced degenerative changes of the 
spine with or without scoliosis. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

QCT lumbarspine and hip(s) 

8 


* 

DXA lumbarspine and hip(s) 

7 


© 

DXA distal forearm 

7 


© 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usuallv 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 7 : Suspected fracture (nonscreening) of a vertebral body based on acute or subacute 
symptomatology in a patient with suspected osteoporosis ora patient treated with corticosteroids (>3 
months). First examination. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

X-ray spine area of interest 

9 

This procedure includes 2 views. 

Varies 

CT spine area of interest 
without IV contrast 

5 

This procedure may be appropriate but 
there was disagreement among panel 
members on the appropriateness rating 
as defined by the panel's median 
rating. 

Varies 

MRI spine area of interest 
without IV contrast 

2 


0 

CT spine area of interest 
with IV contrast 

1 


Varies 

CT spine area of interest 
without and with IV contrast 

1 


Varies 

MRI spine area of interest 
without and with IV contrast 

1 


0 

DXA VFA 

1 


© 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 

4,5,6 May be appropriate; 7,8,9 Usually 

*Relative 


appropriate 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 8 : Suspected fracture (nonscreening) of a vertebral body based on acute or subacute 
symptomatology in a patient with suspected osteoporosis ora patient treated with corticosteroids (>3 
months). Initial radiograph is negative. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

Ratina Scale: 1.2.3 Usuallv n 

ot 

appropriate; 

4,5,6 May be appropriate; 7,8,9 Usually 

*Relative 













































Racing 

Comments 

Rift.* 

co ntr d s L 

CT lumbar spine without IV 
contrast 

7 


© © © 

CT lumbar spine with IV 
contrast 

1 


® ©© 

CT lumbar spine without and 
with IV contrast 

1 


® ® ® ® 

MRI spine area of interest 
without and with IV contrast 

1 


0 

DXA VFA 

1 


® 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usually 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 9 : Patients on long-term treatment (3-5 years) of bisphosphonates with thigh or groin pain. First 
examination. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

X-ray femur 

9 


® 

DXA extended femur scan 

1 


© 

CT thigh without IV contrast 
bilateral 

1 


® © 

CT thigh with IV contrast 
bilateral 

1 


© © 

CT thigh without and with IV 
contrast bilateral 

1 


© © © 

MRI thigh without IV 
contrast bilateral 

1 


0 

MRI thigh without and with 

IV contrast bilateral 

1 


0 

Tc-99m bone scan whole 
body 

1 


© © © 

US thigh bilateral 

1 


0 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usuallv 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 10 : Patients on long-term treatment (3-5 years) of bisphosphonates with thigh or groin pain and 
negative radiographs. 


Radiologic Procedure 

Rating 

Comments 

RRL* 

MRI thigh without IV 
contrast bilateral 

9 


0 

CT thigh without IV contrast 
bilateral 

8 


© © 

Tc-99m bone scan whole 
body 

7 


» © » 

DXA extended femur scan 

1 


© 

CIRfelbinto SrifclhelVlc&j'ftrtdstiallv n 
bilateral 

ot apprdpriate; 
appropri 

4,5,6 May be appropriate; 7,8,9 Usually 
ate 

* Rat'd© ve 
Radiation 











































CT IV 

Ra(ing 

Comments 


contrast bilateral 




MRI thigh without and with 

IV contrast bilateral 

1 


0 

US thigh bilateral 

1 


0 

Ratina Scale: 1.2.3 Usuallv not aDDroDriate: 4.5.6 Mav be aDDroDriate: 7.8.9 Usually 

appropriate 

*Relative 

Radiation 

Level 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Summary of Literature Review 

Introduction/Background 

Osteoporosis has been defined as a skeletal disorder characterized by compromised bone strength, 
predisposing a person to an increased risk of fracture. Both quantitative (bone mineral density [BMD]) 
and qualitative (trabecular microarchitecture) components contribute to overall bone strength. The 
measurement of BMD is the consensus approach to screening and monitoring osteoporosis in the 
population. Fifty percent of women and 20% of men >50 years of age will experience bone fracture, with 
mortality rates of 20% within the first year. The annual direct cost of hip fracture in the United States is 
$30 billion and projected to rise to $67.7 billion by 2020. Given the proven efficacy of pharmacologic 
therapy, imaging's role in detection and monitoring is critical in substantially reducing osteoporosis- 
associated morbidity and mortality. 

Overview of Imaging Modalities 

Dual-energy x-ray absorptiometry (DXA) is a projectional x-ray based technology that has been shown to 
accurately and precisely measure BMD at specific sites: the lumbar spine, hip, and distal forearm. Two x- 
ray beams at different energy levels are utilized to subtract out the patient's soft-tissue absorption, 
providing a measurement of the skeletal BMD. The effective radiation dose for both lumbar spine and hip 
scanning is approximately equivalent to a chest x-ray. 

Single x-ray absorptiometry (SXA) is a projectional x-ray based technology that has been shown to 
precisely measure BMD at the forearm. SXA is not utilized widely in current practice. 

Vertebral fracture assessment (VFA) is a projectional x-ray based technology acquired on a DXA unit that 
provides low radiation equivalent to a lateral lumbar and thoracic spine radiograph. 

Radiography is a projectional x-ray based technology widely utilized in current medical practice for rapid 
image acquisition for an extensive number of indications. Radiography utilizes differences in electron 
density to generate contrast between different tissues, including bone. Demineralized bone is detectable 
by x-ray, albeit with a substantially lower sensitivity than DXA. 

Computed tomography (CT) is a cross-sectional-based x-ray technology that utilizes tomographic 
technique coupled with computer processing to generate a cross-sectional image. Resolution with CT is 
lower than radiography but carries substantially increased sensitivity to subtle differences in electron 
densities and creates an image with markedly improved contrast. Quantitative CT (QCT) is performed on 
a standard clinical scanner and is highly accurate in determining tissue density within a region of interest. 
Flowever, radiation exposure is substantially greater when compared to DXA. Scanning sites for QCT 
include the lumbar spine, hip, and tibia. Peripheral quantitative CT (pQCT) utilizes the same technology 
in a smaller dedicated machine and focuses on the forearm. 

Diagnostic ultrasound (US) is a nonionizing radiation technology that utilizes the differential absorption 
of sound waves within tissues to build image contour and contrast. Quantitative US (QUS) of the 
calcaneus utilizes sound waves to determine qualities of bone health. Sound waves are attenuated by 
bone architecture and density. Increasing structural complexity has been shown to demonstrate increased 














attenuation. Osteoporotic bone, in contrast, demonstrates lower velocities. The US units are small and 
relatively inexpensive and have been utilized in the outpatient setting. However, QUS does not measure 
BMD and the World Health Organization (WHO) definition of osteoporosis may not be applied. 

Trabecular bone score (TBS) is a textural software analysis utilized most commonly on a DXA-generated 
two-dimensional (2-D) image of the spine. The TBS is thought to evaluate the skeletal microarchitecture, 
providing information regarding the bone quality rather than the bone quantity as measured by DXA, QCT, 
and US. 

Magnetic resonance imaging (MRI) is a nonionizing radiation technology that utilizes a strong magnetic 
field to generate images. A radiofrequency pulse excites hydrogen protons whereby their return to the 
equilibrium state is governed by their microenvironment; protons residing in fat recover at a different rate 
than protons in water, thus generating tissue contrast. The technology is exquisitely sensitive to small 
differences in water and proton content, easily detecting edema and pathologic states in vivo. The 
imaging process is relatively slow, the target region of interest is small in most cases, and the equipment 
is expensive, making MRI less of a screening tool for most clinical issues and more of a focused problem¬ 
solving tool. Common contraindications for MRI include some implantable devices and metallic foreign 
bodies. 

Discussion of Imaging Modalities by Variant 

Variant 1: Asymptomatic BMD Screening or Individuals with Established or Clinically Suspected Low BMD 

All women age 65 years and older and men age 70 years and older (asymptomatic screening) 

Women younger than age 65 years who have additional risk for osteoporosis, based on medical 
history and other findings. Additional risk factors for osteoporosis include: 

Estrogen deficiency 

A history of maternal hip fracture that occurred after the age of 50 years 
Low body mass (<127 lb or 57.6 kg) 

History of amenorrhea (>1 year before age 42 years) 

Women younger than age 65 years or men younger than age 70 years who have additional risk 
factors, including: 

Current use of cigarettes 
Loss of height, thoracic kyphosis 

Individuals of any age with bone mass osteopenia or fragility fractures on imaging studies such as 
radiographs, CT, or MRI 

Individuals age 50 years and older who develop a wrist, hip, spine, or proximal humerus fracture with 

minimal or no trauma, excluding pathologic fractures 

Individuals of any age who develop 1 or more insufficiency fractures 

Individuals being considered for pharmacologic therapy for osteoporosis 

Individuals being monitored to: 

Assess the effectiveness of osteoporosis drug therapy 
Follow up medical conditions associated with abnormal BMD 


DXA 


DXA bone densitometry measurement of BMD has been shown to accurately predict fracture risk. Studies 
have demonstrated that BMD correlates to population fracture risk and amount of force necessary to 
fracture bone. 

DXA is the mainstay of bone densitometry and a clinically proven method of measuring BMD in the lumbar 
spine, proximal femur, forearm, and whole body. DXA is utilized as an initial screening and follow-up 
method to evaluate therapy for osteopenia and osteoporosis. DXA accuracy and reproducibility has led to 
the establishment of standards for the diagnosis of osteoporosis set forth by the WHO. BMD, as 
measured by DXA, aids in determining fracture risk when compared to a gender-matched asymptomatic 
reference population. DXA has been validated for absolute risk, relative risk, and lifetime risk of fractures 
at multiple sites. 



Diagnosis is based on T-scores, i.e., the number of standard deviations that the patient's BMD is above 
or below the mean in the reference population. Reference populations vary with gender and race. The Z- 
score represents the number of standard deviations above or below the mean of age-matched controls. Z- 
scores are utilized to detect secondary causes of osteoporosis. 

The WHO defines normal BMD as a T-score greater than -1.0. Low bone mass or osteopenia is defined as 
-1.0 to -2.4, whereas T-scores equal to or less than -2.5 indicate osteoporosis. The National 
Osteoporosis Foundation (NOF) recommends pharmacologic treatment for all postmenopausal women and 
men over age 50 years with a T-score equal to or less than -2.5. In patients with low bone mass but T- 
scores greater than -2.5 (-1.0 to -2.4), a fracture risk assessment tool, FRAX, is utilized. The FRAX tool 
factors include hip BMD, age, sex, height, weight, family history of hip fracture, smoking, steroid use >3 
months, rheumatoid arthritis, and alcohol use. The FRAX algorithm is country specific and intended for the 
use of previously untreated postmenopausal women and men aged 40 to 90 years. The NOF recommends 
treatment in patients with a 10-year probability of a hip fracture >3% or a 10-year probability of a major 
osteoporosis-related fracture >20% based on FRAX. 

Two sites are routinely evaluated with DXA: the lumbar spine and hip. Up to 4 vertebral levels, L1-L4, are 
measured and reported in addition to 2 regions of the hip: the total and the neck. In the event of 
artifactually elevated lumbar spine BMD due to fracture, facet joint osteoarthritis, or spondylosis, up to 2 
vertebral levels can be excluded. If >2 levels are to be excluded, scans of the second hip can be obtained 
as a substitute for the spine. Routinely, 1 hip is obtained as part of the standard DXA scan. If only 1 hip 
is available for scanning, a third site, the distal forearm, is scanned. 

The third site, the forearm, is primarily utilized for patients with hyperparathyroidism. Primary 
hyperparathyroidism preferentially decreases mineralization at cortical-rich sites such as the hip and mid 
radius, in contrast to the predominantly cancellous lumbar spine. The addition of the one-third radius as 
the third DXA site is indicated in these patients. The Third International Workshop on 
Hyperparathyroidism recommendations include DXA scanning every 1 to 2 years as well as a 
parathyroidectomy in patients with T-scores equal to or less than -2.5 at any of the 3 sites. 

Quantitative Computed Tomography 

QCT provides a volumetric BMD, in contrast to the areal BMD of the DXA, which is based on a 2-D 
projectional area measurement. QCT can be performed on the vast majority of commercially available CT 
scanners, provided they include densitometry analysis software and a calibration phantom. 

The WHO's spine T-scores that define osteoporosis were derived from DXA measurements and do not 
apply to QCT. One significant difference in technologies relates to monitoring. Spine BMD values 
measured by QCT demonstrate relatively increased rates of bone loss with advanced age when compared 
to DXA values due to the exclusively cancellous bone measurements of QCT—the rate of change in 
cancellous bone is greater than that of cortical bone. By contrast, the projectional properties of DXA 
summate the cortically predominant end plates and posterior elements with the cancellous vertebral body 
measurements, thereby decreasing their rate of change. The American College of Radiology (ACR) 
parameters indicate that BMD values from 120 to 80 mg/mL are defined as low bone mass/osteopenic, 
whereas values <80 mg/mL are deemed compatible with osteoporosis. 

Projectional QCT of the hip, by contrast, provides a calculated postprocessed areal BMD that is 
comparable to DXA, thus enabling the use of the WHO classification system. The definition of 
osteoporosis as a T-score of greater than or equal to -2.5 is applicable to QCT. 

Indications for QCT include the same indications as DXA; however, DXA is recommended as the first-line 
screening and follow-up test for bone density. If DXA is not available, QCT may be used as a secondary 
technique. Specific cases in which QCT is considered superior to DXA include: 

Extremes in body height (i.e., very large and very small patients) 

Patients with extensive degenerative disease of the spine 

Severely obese patients (BMI >35 kg/m 2 ) 



A clinical scenario that requires increased sensitivity to small changes in trabecular bone density 
(parathyroid hormone and glucocorticoid treatment monitoring) 

Radiographs 

Although radiographs may detect fragility fractures, their use as a primary screening tool is limited due to 
their low sensitivity to bone loss. Alternatively, patients with radiographs interpreted as demonstrating 
radiographic osteopenia and/or fragility fractures should be referred to DXA for further characterization. 

Peripheral Ultrasound 

Peripheral ultrasound (QUS) represents a low-cost alternative easily accessible to primary care providers. 
The heel represents the only validated site for the clinical use of QUS. QUS does not measure BMD and 
therefore the WHO classification system cannot be utilized and a diagnosis of osteoporosis cannot be 
made. Additionally, discordance between QUS and central DXA is not infrequent. However, QUS in 
conjunction with clinical risk factors can predict an increased risk for fractures as well as identifying 
populations that demonstrate no increased risk. 

Single X-rav Absorptiometry 

SXA is utilized at the forearm and is less expensive than central DXA. BMD evaluation is comparable at 
the forearm with DXA. However, the tests are substantially less predictive of hip and spine fractures 
relative to central DXA. 

Peripheral Quantitative Computed Tomography 

pQCT utilizes scans of the forearm. pQCT radiation is low relative to central QCT and its accuracy is 
superior to DXA. However, correlation with central DXA is poor and the high variability of positioning 
limits the use of pQCT as a screening tool. The WHO classification cannot be utilized. pQCT of the 
forearm has been shown to predict hip, but not spine, fractures in postmenopausal women. There is a 
lack of evidence to support utilization for men. 

Trabecular Bone Score 

TBS is a textural method derived from DXA spine images to describe skeletal microarchitecture. TBS 
measures relative pixel amplitude variations summing the squared gray-level differences. Porous 
osteoporotic bone has been shown to have lower values than normal bone. Unlike BMD measurements, 
TBS quantifies the bone microarchitecture, yielding a metric of bone quality. Cross-sectional and 
prospective studies have demonstrated associations with fracture in postmenopausal women. When TBS 
is utilized in conjunction with BMD, marginal improvements in fracture risk predication are achieved. TBS 
has been found to show incremental improvement in fracture prediction when utilized with FRAX. TBS may 
be of use in stratifying risk in patients with relatively normal or marginally osteopenic BMD values as 
most fractures are in this nonosteoporotic subset of patients. 

Significantly reduced TBSs are associated with fragility fractures in secondary osteoporosis. In these 
patients, TBS has been found to have a substantially higher association with fracture risk than BMD. TBSs 
in diabetic, glucocorticoid-receiving, and hyperparathyroid patients demonstrated increased fracture risk 
even in the setting of normal BMD. 

TBS may have a role in evaluating patients with secondary causes of osteoporosis as well as patients 
with relatively high BMD but increased fracture risk. 

Variant 2: Vertebral Fracture Assessment 

VFA is a feature of DXA scanners in which lateral thoracic and lumbar spine images are obtained and 
screened for fracture. The detection of fractures in some patients with low bone mineralization is a 
predictor of future fractures and allows for their risk restratification and potential initiation of 
pharmacotherapy. 


Indications for VFA include patients with T-scores less than -1.0 and 1 or more of the following: 



Women age >70 years or men age >80 years 
Historical height loss >4 cm (>1.5 inches) 

Self-reported but undocumented prior vertebral fracture 

Glucocorticoid therapy equivalent to >5 mg of prednisone or equivalent per day for >3 months 

A semiquantitative method is utilized for evaluation based on morphometry. Vertebrae are characterized 
by the shape (wedge, concave, or crush) and by location of the defect (anterior, posterior, and/or middle). 
The semiquantitative scoring of fractures relies on a comparison to an atlas as well as experience in 
image interpretation. The number and severity of fractures are associated with increased risk of fracture 
independent of the BMD. Fracture severity is graded on a scale from 1 to 3. 

The utility of VFA is in the identification of patients who would otherwise not qualify for treatment under 
the guidelines of the NOF, which are based solely on BMD measurements. Several studies have 
demonstrated such populations of patients who were reclassified due to vertebral fracture. The study in 
the Netherlands demonstrated that 60% of the patients found to have a fracture on VFA were in the 
nonosteoporotic range, and of these, 74% were previously unknown to have fractures. Three older studies 
have demonstrated that 10% to 17% of patients with osteopenia as measured by DXA had grade 2 or 3 
vertebral fractures detected by VFA. 

As 50% of fragility fractures occur in postmenopausal women who have T-scores greater than -2.5, 
identification of this population's increased risk is essential for potential medical treatment that has been 
shown to be beneficial in multiple studies. 

Variant 3: Follow-up. Patients Demonstrated to Have Risk for Fracture or Low Density 
DXA 


Follow-up DXA scanning is important for both untreated and treated patients. Patients receiving 
treatment who demonstrate decreasing BMD on follow-up scans may require an adjustment in their 
pharmacotherapy regimen. Alternatively, nontreated patients with statistically significant decreasing BMD 
may require consideration for therapy initiation in the setting of primary osteoporosis or clinical 
correlation for identifying potential secondary causes of osteoporosis. 

It is essential for patients to be scanned on the same DXA scanner as vendor differences in technologies 
prohibit a direct comparison unless cross calibration has been performed. BMD values, not T-scores, are 
compared between the previous and current scans. The monitoring time interval is based upon the 
expected rate of change of bone mineralization and is typically 2 years. In patients initiating therapy or in 
patients that are thought to be at risk for substantial short-term decreases in mineralization, such as 
patients receiving glucocorticoid therapy, a 1-year follow-up is recommended. Scan intervals <1 year are 
discouraged. 

OCT and pQCT 

Both QCT and pQCT demonstrate excellent precision and reproducibility and can be used for the 
monitoring of BMD in untreated and treated patients. QCT is more sensitive to change in comparison to 
DXA due to its isolated trabecular measurement—the portion of bone most sensitive to rapid 
mineralization changes. 

OUS 

US monitoring is considered inadequate for follow-up in either treated or untreated patients. Central DXA 
is the recommended method. 

SXA 


Although the precision of SXA is comparable to DXA, the correlation with proximal femoral fracture risk is 
low and central DXA is preferred. 

TBS 



Data indicate that smaller changes on follow-up are seen in TBS on follow-up in contrast to DXA-derived 
BMD. No TBS data exist supporting follow-up of either treated or untreated patients. Interestingly, 
different classes of therapeutic medications have demonstrated variable degrees of change, with 
teriparatide yielding greater increases than bisphosphonates. 

VFA 


If VFA was performed in the initial DXA study or if the patient now meets the criteria for inclusion, a 
follow-up VFA scan is recommended concurrently with DXA scanning intervals. 

Variant 4: Identify Low BMD. Premenopausal Females with Risk Factors. Males 20 to 50 Years of Age with 
Risk Factors 

Individuals with medical conditions that could alter BMD, such as: 

Chronic renal failure 

Rheumatoid arthritis and other inflammatory arthritides 
Eating disorders, including anorexia nervosa and bulimia 
Organ transplantation 
Prolonged immobilization 

Conditions associated with secondary osteoporosis, such as gastrointestinal malabsorption or 
malnutrition, sprue, osteomalacia, vitamin D deficiency, endometriosis, acromegaly, chronic 
alcoholism or established cirrhosis, and multiple myeloma 

Individuals who have had gastric bypass for obesity. The accuracy of DXA in these patients 
might be affected by obesity 

Individuals with an endocrine disorder known to adversely affect BMD (e.g., 
hyperparathyroidism, hyperthyroidism, or Cushing syndrome) 

Individuals receiving (or expected to receive) glucocorticoid therapy for >3 months 
Hypogonadal men older than 18 years and men with surgically or chemotherapeutically induced 
castration 

Individuals beginning or receiving long-term therapy with medications known to adversely affect BMD 
(e.g., anticonvulsant drugs, androgen deprivation therapy, aromatase inhibitor therapy, or chronic 
heparin) 


DXA 


DXA represents the primary modality for the evaluation of bone mineralization in this patient population. 
The WFIO criteria do not apply and only Z-scores (not T-scores) should be reported. The Z-score 
represents gender- and age-matched controls for the evaluation of secondary osteoporosis. Z-scores of 
-2.0 or less are considered to be below the expected age range. Additionally, a diagnosis of osteoporosis 
cannot be made in men under the age of 50 on the basis of BMD alone. 

OCT and pQCT 

A study utilizing QCT in premenopausal women demonstrated a good correlation between QCT-generated 
BMD and DXA-generated BMD. However, the study was based on 32 subjects and was inconclusive. A 
variant of pQCT, high-resolution pQCT (HR-pQCT), has demonstrated correlation in premenopausal women 
between peripheral stiffness, measured at the forearm and distal tibia, and mineralization, measured by 
DXA at the spine and hip. An alternative study demonstrated a weak relationship between peripheral and 
central mechanical competence. 

OUS 

The benefits of QUS in the premenopausal population are unclear. One study from Italy demonstrated 
that risk factors associated with low BMD measured by DXA in elderly women are also associated with 
calcaneal bone stiffness, as measured by QUS in premenopausal women. 

SXA 


The role of SXA is limited in the premenopausal population. 



Variant 5: Follow-up to Low BMD. Premenopausal Females with Risk Factors. Males 20 to 50 Years of Age 
with Risk Factors 

Follow-up for premenopausal women and men aged 20 to 50 years is based on the underlying clinical 
conditions. It is unlikely that changes greater than the computed least significant change divided by the 
expected mean change in BMD would require a monitoring time interval <1 year. 

DXA 


DXA is the primary modality by which to monitor bone density in the premenopausal population. The need 
for follow-up DXA is dictated by the clinical circumstance of the patients. 

OCT and pQCT 

QCT is an accurate means by which to follow premenopausal women and men between the ages of 20 to 
50 years. pQCT and HR-pQCT have utility in research, but no validated follow-up data exist in 
premenopausal women demonstrating a link between distal architecture and central fracture risk. 

OUS 

QUS is considered inappropriate for follow-up monitoring in both the post- and premenopausal 
populations. The same applies for men of all ages. 

SXA 


No SXA follow-up data exist in premenopausal women utilizing this modality. 

Variant 6: Diagnosis. Males and Females >50 Years of Age with Advanced Degenerative Changes of the 
Spine with or Without Scoliosis 

DXA 


Given the projectional nature of DXA, spuriously elevated values of the lumbar spine may be encountered 
in patients with spondylosis and degenerative facet osteoarthritis. Such findings may involve 1 or more of 
the LI through L4 levels scanned. The International Society of Clinical Densitometry recommends that no 
more than 2 levels may be excluded from the overall calculation of lumbar spine BMD. If more than 2 
levels are involved, then the entire spine should be excluded from evaluation. In this circumstance the 
recommendation is to scan the contralateral hip in the affected patient. It must be taken into 
consideration, however, that the predominance of cortical bone in the hip is less sensitive to change than 
the cancellous rich bone within the vertebrae. If the contralateral hip is unsuitable for scanning due to 
arthroplasty or advanced degeneration, for instance, then the distal forearm can be substituted. 

OCT 

QCT is ideally suited for the evaluation of the vertebral body in the setting of advanced degeneration as 
it selectively samples only the cancellous portion of the vertebral body, excluding the end plates, 
cortices, and posterior elements. Sensitivity to change is greater in QCT than in DXA in degenerative 
spines. 

Variant 7: Suspected Fracture (Nonscreening) of a Vertebral Body Based on Acute or Subacute 
Symptomatology in a Patient with Suspected Osteoporosis or a Patient Treated with Corticosteroids (>3 
Months). First Examination 

Variant 8: Suspected Fracture (Nonscreening) of a Vertebral Body Based on Acute or Subacute 
Symptomatology in a Patient with Suspected Osteoporosis or a Patient Treated with Corticosteroids (>3 
Months). Initial Radiograph Is Negative 

Radiography 


Radiography has been considered the first line of imaging in the assessment of the spine. However, in a 
large study evaluating 2452 lateral lumbar and thoracic spine radiographs, community radiologists missed 



approximately 32% of vertebral fractures when compared to expert readers utilizing the semiquantitative 
morphometry method described by Genant. In a similar study, community radiologists demonstrated a 
false-positive rate of 26% versus experts utilizing the method of Genant. The routine utilization of a 
semiquantitative method of radiographic evaluation of the spine may improve fracture detection and 
ought to be considered by practicing radiologists. 

CT 

Studies comparing radiography versus CT in the setting of spine trauma have indicated the substantially 
higher sensitivity and specificity of CT. However, no current evidence exists comparing the 2 modalities in 
the setting of atraumatic fracture in suspected osteoporosis. Substantial differences exist in the 
mechanism of injury, trabecular architecture, bone mineralization, patterns of fracture, and pretest 
probability, which raises doubt that the trauma data apply. However, the relative cost of radiographs and 
comparatively favorable radiation profile in contrast to CT suggest that radiographs likely remain the best 
first test with respect to the detection of vertebral fracture in the setting of osteoporosis. The use of 
intravenous contrast has not been shown to demonstrate utility in evaluation for spine fracture. 

MRI 


MRI studies have described the appearance of osteoporotic vertebral fractures and have demonstrated 
>99% sensitivity. Given the cost, speed, and availability of MRI, it is not recommended as a primary 
diagnostic tool. MRI is useful as a secondary choice to either exclude a potential underlying malignancy or 
in the setting of a negative radiograph evaluate for the presence of a radio-occult fracture. The use of 
intravenous contrast has not been shown to demonstrate utility in evaluation for spine fracture. 

VFA 


Studies have compared the diagnostic accuracy of VFA with spine radiography. These studies were 
performed in patients with osteoporosis and demonstrated a VFA sensitivity and specificity ranging from 
50% to 95% and 82% to 98% when compared to radiography. Two studies examined VFA accuracy in the 
nonosteoporotic population. Results demonstrated lower sensitivity and specificity in the subset of 
patients with normal bone mineralization. However, in one study, radiograph evaluation was performed by 
nonradiologists. As grade 1 fractures are considered to pose less risk of incident fracture, decreased 
sensitivity and specificity at the lower end of the semiquantitative scale are thought to be less clinically 
relevant. 

Variant 9: Patients on Long-term Treatment (3-5 Years) of Bisphosphonates with Thigh or Groin Pain. 

First Examination 

Variant 10: Patients on Long-term Treatment (3-5 Years) of Bisphosphonates with Thigh or Groin Pain 
and Negative Radiographs 

Atypical subtrochanteric fractures in patients receiving long-term (for approximately 5 years) 
bisphosphonate therapy have been reported in the literature. This paradoxical relationship is associated 
with unique radiographic imaging features that differ from typical subtrochanteric fractures related to 
trauma. Atypical fracture recognition is critical to patient treatment. A task force of the American Society 
for Bone and Mineral Research (ASBMR) published a table describing major and minor features related to 
atypical femoral fractures in 2010 and then later modified in the table in 2013. A summary of the table is 
presented here. 

Major features: 

The fracture is associated with minimal or no trauma, as in a fall from a standing height or less. 

The fracture line originates at the lateral cortex and is substantially transverse in its orientation, 
although it may become oblique as it progresses medially across the femur. 

Complete fractures extend through both cortices and may be associated with a medial spike; 
incomplete fractures involve only the lateral cortex. 

The fracture is noncomminuted or minimally comminuted. 



Localized periosteal or endosteal thickening of the lateral cortex is present at the fracture site 
("beaking" or "flaring"). 

Minor features: 

Generalized increase in cortical thickness of the femoral diaphysis 

Unilateral or bilateral prodromal symptoms such as dull or aching pain in the groin or thigh 
Bilateral incomplete or complete femoral diaphysis fractures 
Delayed fracture healing 

No causal relationship between atypical fractures and bisphosphonates has been proven, but theories 
suggesting diminished remodeling due to long-term osteoclast arrest have been suggested. 

Radiography 

Radiographs have been shown to be reliable in evaluating bisphosphonate-related fractures in one study, 
with sensitivity and specificity ranging from 90% to 95% and 68% to 100%. A number of studies have 
described bilateral involvement, up to 30%, and consideration for imaging the contralateral femur has 
been suggested by the ASBMR task force. 

DXA 


Although studies have shown that atypical femoral fractures may be detected by DXA, the use of DXA 
over radiography in patients with prodromal symptoms to evaluate for atypical femoral fracture is not 
recommended. There may be a screening role for extended-field DXA in patients on long-term therapy in 
the asymptomatic patient as a recently presented abstract by a group of researchers demonstrated 66% 
to 75% sensitivity for a single energy-extended femur scan in the detection of an atypical fracture. 
Radiography was utilized as the gold standard in this study. 

CT 

CT has a problem-solving role in evaluating atypical fractures. In patients with contraindications to MR, 
CT is useful for discerning the presence of lucency in incomplete fractures. Such lucency has been 
suggested as an indication for intramedullary nailing. CT is also useful in excluding the presence of a 
neoplastic-related pathologic fracture. The use of intravenous contrast has not been shown to 
demonstrate utility in the evaluation for proximal femoral fracture. 

MRI 


The primary utility of MRI is to determine both the presence of radio-occult stress-related changes 
common in atypical femoral fractures and to define the extent of involvement of the cortex; the degree of 
cortical involvement determines whether patients receive conservative or surgical treatment. MRI has 
been shown to demonstrate subtle marrow signal abnormality and cortical thickening. Contralateral MR 
scanning in the setting of a negative contralateral but positive ipsilateral radiograph has been advocated 
by the ASBMR task force. The use of intravenous contrast has not been shown to demonstrate utility in 
evaluation for proximal femoral fracture. 

Bone Scintigraphy 

Technetium-labeled bone scan has been shown to demonstrate atypical femoral fractures. It is considered 
a second-line diagnostic test following negative radiography in those patients with prodromal 
symptoms/suspicion for fracture who cannot undergo MRI or CT evaluation. 

US 

No data exist regarding the utility of US and atypical femoral fracture. 

Summary of Recommendations 


DXA is the primary diagnostic choice by which to screen women >65 years of age and men >70 years 



of age for osteoporosis. 

DXA is indicated in postmenopausal women <65 years of age with additional risk factors for fracture. 
DXA is the primary diagnostic choice by which to follow patients' BMD. 

VFA represents a useful screening study to identify patients at risk whose BMD may be above 
treatment thresholds. 

QCT can be utilized to evaluate baseline and follow-up BMD. 

Patients on long-term bisphosphonate therapy who present with thigh or groin pain should be 
imaged bilaterally with radiography followed by MRI. 

Extended-femoral-view DXA is not a substitute for femoral radiography in the setting of thigh or 
groin pain in long-term bisphosphonate patients. 

Abbreviations 

BMD, bone mineral density 
CT, computed tomography 
DXA, dual x-ray absorptiometry 
IV, intravenous 

MRI, magnetic resonance imaging 

pQCT, peripheral quantitative computed tomography 

QCT, quantitative computed tomography 

QUS, quantitative ultrasound 

SXA, single x-ray absorptiometry 

TBS, trabecular bone score 

Tc-99m, technetium-99 metastable 

VFA, vertebral fracture assessment 

Relative Radiation Level Designations 


Relative Radiation 
Level* 

Adult Effective Dose Estimate 
Range 

Pediatric Effective Dose Estimate 
Range 

0 

0 mSv 

0 mSv 

® 

<0.1 mSv 

<0.03 mSv 

® ® 

0.1-1 mSv 

0.03-0.3 mSv 

® ® ® 

1-10 mSv 

0.3-3 mSv 


10-30 mSv 

3-10 mSv 

Y Y Y Y Y 

30-100 mSv 

10-30 mSv 

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in 
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing 
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as 
"Varies." 


Clinical Algorithm(s) 

Algorithms were not developed from criteria guidelines. 


Scope 

Disease/Condition(s) 

• Osteoporosis and osteoporotic fractures 

• Low bone mineral density (BMD) 












Guideline Category 

Diagnosis 
Evaluation 
Risk Assessment 
Screening 

Clinical Specialty 

Family Practice 
Geriatrics 
Internal Medicine 
Nuclear Medicine 
Obstetrics and Gynecology 
Radiology 

Intended Users 

Advanced Practice Nurses 
Health Plans 
Hospitals 

Managed Care Organizations 
Physician Assistants 
Physicians 
Students 

Utilization Management 

Guideline Objective(s) 

To evaluate the appropriateness of imaging modalities in the evaluation of bone mineral density (BMD) 
and in screening for and monitoring osteoporosis 

Target Population 

Individuals with established or clinically suspected low bone mineral density, osteoporosis, or 
osteoporotic fractures 

Interventions and Practices Considered 

1. Dual X-ray absorptiometry (DXA) 

• Lumbar spine and hip(s) 

• Distal forearm 



• Extended femur scan 

• Vertebral fracture assessment (VFA) 

2. Quantitative computed tomography (QCT), lumbar spine and hip(s) 

3. Trabecular bone score (TBS), lumbar spine 

4. Peripheral quantitative computed tomography (pQCT), distal forearm 

5. Single x-ray absorptiometry (SXA), distal forearm 

6. Quantitative ultrasound (QUS), calcaneus 

7. X-ray 

• Axial skeleton 

• Appendicular skeleton 

• Spine area of interest 

• Femur 

8. Computed tomography (CT) 

• Spine area of interest without intravenous (IV) contrast 

• Spine area of interest with IV contrast 

• Spine area of interest without and with IV contrast 

• Lumbar spine without IV contrast 

• Lumbar spine with IV contrast 

• Lumbar spine without and with IV contrast 

• Thigh without IV contrast bilateral 

• Thigh with IV contrast bilateral 

• Thigh without and with IV contrast bilateral 

9. Magnetic resonance imaging (MRI) 

• Spine area of interest without IV contrast 

• Spine area of interest without and with IV contrast 

• Lumbar spine without IV contrast 

• Lumbar spine without and with IV contrast 

• Thigh without IV contrast bilateral 

• Thigh without and with IV contrast bilateral 

10. Technetium-99 metastable (TC-99m) bone scan whole body 

11. Ultrasound (US) thigh bilateral 


Major Outcomes Considered 

• Utility of imaging procedures in the measurement of bone mineral density (BMD) and in the 
evaluation of osteoporosis and osteoporotic fractures 

• Sensitivity, specificity, and predictive value of imaging procedures for osteoporosis and osteoporotic 
fracture risk 

• Sensitivity and specificity of imaging procedures to detect osteoporotic fractures 


Methodology 

Methods Used to Collect/Select the Evidence 

Hand-searches of Published Literature (Primary Sources) 
Hand-searches of Published Literature (Secondary Sources) 
Searches of Electronic Databases 


Description of Methods Used to Collect/Select the Evidence 


Literature Search Summary 


Of the 89 citations in the original bibliography, 6 were retained in the final document. 

A literature search was conducted in September 2013, May 2015 and March 2016 to identify evidence 
published since the ACR Appropriateness Criteria® Osteoporosis and Bone Mineral Density topic was 
finalized. Using the search strategy described in the literature search companion (see the "Availability of 
Companion Documents" field), 19,861 articles were found. Sixty-eight articles were added to the 
bibliography. The remaining articles were not used due to either poor study design, the articles were not 
relevant or generalizable to the topic, the results were unclear or biased, or the articles were already 
cited in the original bibliography. 

The author added 13 citations from bibliographies, Web sites, or books that were not found in the 
literature search. 

Two citations are supporting documents that were added by staff. 

See also the American College of Radiology (ACR) Appropriateness Criteria® literature search process 
document (see the "Availability of Companion Documents" field) for further information. 


Number of Source Documents 

Of the 89 citations in the original bibliography, 6 were retained in the final document. The literature 
search conducted in September 2013, May 2015 and March 2016 identified 68 articles that were added to 
the bibliography. The author added 13 citations from bibliographies, Web sites, or books that were not 
found in the literature search. Two citations are supporting documents that were added by staff. 


Methods Used to Assess the Quality and Strength of the Evidence 

Weighting According to a Rating Scheme (Scheme Given) 


Rating Scheme for the Strength of the Evidence 

Definitions of Study Quality Categories 

Category 1 - The study is well-designed and accounts for common biases. 

Category 2 - The study is moderately well-designed and accounts for most common biases. 

Category 3 - The study has important study design limitations. 

Category 4 - The study or source is not useful as primary evidence. The article may not be a clinical 
study, the study design is invalid, or conclusions are based on expert consensus. 

The study does not meet the criteria for or is not a hypothesis-based clinical study (e.g., a book 
chapter or case report or case series description); 

Or 

The study may synthesize and draw conclusions about several studies such as a literature review 
article or book chapter but is not primary evidence; 

Or 

The study is an expert opinion or consensus document. 

Category M - Meta-analysis studies are not rated for study quality using the study element method 
because the method is designed to evaluate individual studies only. An "M" for the study quality will 



indicate that the study quality has not been evaluated for the meta-analysis study. 


Methods Used to Analyze the Evidence 

Review of Published Meta-Analyses 
Systematic Review with Evidence Tables 


Description of the Methods Used to Analyze the Evidence 

The topic author assesses the literature then drafts or revises the narrative summarizing the evidence 
found in the literature. American College of Radiology (ACR) staff drafts an evidence table based on the 
analysis of the selected literature. These tables rate the study quality for each article included in the 
narrative. 

The expert panel reviews the narrative, evidence table and the supporting literature for each of the topic- 
variant combinations and assigns an appropriateness rating for each procedure listed in the variant 
table(s). Each individual panel member assigns a rating based on his/her interpretation of the available 
evidence. 

More information about the evidence table development process can be found in the ACR Appropriateness 
Criteria® Evidence Table Development document (see the "Availability of Companion Documents" field). 


Methods Used to Formulate the Recommendations 

Expert Consensus (Delphi) 


Description of Methods Used to Formulate the Recommendations 

Rating Appropriateness 

The American College of Radiology (ACR) Appropriateness Criteria (AC) methodology is based on the 
RAND Appropriateness Method. The appropriateness ratings for each of the procedures or treatments 
included in the AC topics are determined using a modified Delphi method. A series of surveys are 
conducted to elicit each panelist's expert interpretation of the evidence, based on the available data, 
regarding the appropriateness of an imaging or therapeutic procedure for a specific clinical scenario. The 
expert panel members review the evidence presented and assess the risks or harms of doing the 
procedure balanced with the benefits of performing the procedure. The direct or indirect costs of a 
procedure are not considered as a risk or harm when determining appropriateness. When the evidence for 
a specific topic and variant is uncertain or incomplete, expert opinion may supplement the available 
evidence or may be the sole source for assessing the appropriateness. 

The appropriateness is represented on an ordinal scale that uses integers from 1 to 9 grouped into three 
categories: 1, 2, or 3 are in the category "usually not appropriate" where the harms of doing the 
procedure outweigh the benefits; and 7, 8, or 9 are in the category "usually appropriate" where the 
benefits of doing a procedure outweigh the harms or risks. The middle category, designated "may be 
appropriate," is represented by 4, 5, or 6 on the scale. The middle category is when the risks and benefits 
are equivocal or unclear, the dispersion of the individual ratings from the group median rating is too large 
(i.e., disagreement), the evidence is contradictory or unclear, or there are special circumstances or 
subpopulations which could influence the risks or benefits that are embedded in the variant. 

The ratings assigned by each panel member are presented in a table displaying the frequency distribution 
of the ratings without identifying which members provided any particular rating. To determine the panel's 
recommendation, the rating category that contains the median group rating without disagreement is 



selected. This may be determined after either the first or second rating round. If there is disagreement 
after the second rating round, the recommendation is "May be appropriate." 

This modified Delphi method enables each panelist to articulate his or her individual interpretations of 
the evidence or expert opinion without excessive influence from fellow panelists in a simple, 
standardized, and economical process. For additional information on the ratings process see the Rating 
Round Information document. 

Additional methodology documents, including a more detailed explanation of the complete topic 
development process and all ACR AC topics can be found on the ACR Web site 
(see also the "Availability of Companion Documents" field). 


Rating Scheme for the Strength of the Recommendations 

Not applicable 


Cost Analysis 

A formal cost analysis was not performed and published cost analyses were not reviewed. 


Method of Guideline Validation 

Internal Peer Review 


Description of Method of Guideline Validation 

Criteria developed by the Expert Panels are reviewed by the American College of Radiology (ACR) 
Committee on Appropriateness Criteria. 


Evidence Supporting the Recommendations 

Type of Evidence Supporting the Recommendations 

The recommendations are based on analysis of the current medical evidence literature and the application 
of the RAND/UCLA appropriateness method and expert panel consensus. 

Summary of Evidence 

Of the 89 references cited in the ACR Appropriateness Criteria® Osteoporosis and Bone Mineral Density 
document, 80 are categorized as diagnostic references including 1 well designed study, 6 good quality 
studies, and 17 quality studies that may have design limitations. Additionally, 6 references are 
categorized as therapeutic references including 4 well designed studies and 2 good quality studies. There 
are 56 references that may not be useful as primary evidence. There are 3 references that are meta¬ 
analysis studies. 

While there are references that report on studies with design limitations, 13 well designed or good 
quality studies provide good evidence. 


Benefits/Harms of Implementing the Guideline 
Recommendations 







Potential Benefits 


Given the proven efficacy of pharmacologic therapy, imaging's role in detection and monitoring is critical 
in substantially reducing osteoporosis-associated morbidity and mortality. 


Potential Harms 

Relative Radiation Level Information 

Potential adverse health effects associated with radiation exposure are an important factor to consider 
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures 
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been 
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose 
quantity that is used to estimate population total radiation risk associated with an imaging procedure. 
Patients in the pediatric age group are at inherently higher risk from exposure, both because of organ 
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation 
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as 
compared to those specified for adults. Additional information regarding radiation dose assessment for 
imaging examinations can be found in the American College of Radiology (ACR) Appropriateness Criteria® 
Radiation Dose Assessment Introduction document (see the "Availability of Companion Documents" field). 

Contraindications 

Contraindications 

Common contraindications for magnetic resonance imaging (MRI) include some implantable devices and 
metallic foreign bodies. 


Qualifying Statements 

Qualifying Statements 

• The American College of Radiology (ACR) Committee on Appropriateness Criteria and its expert 
panels have developed criteria for determining appropriate imaging examinations for diagnosis and 
treatment of specified medical condition(s). These criteria are intended to guide radiologists, 
radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and 
treatment. Generally, the complexity and severity of a patient's clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used 
for evaluation of the patient's condition are ranked. Other imaging studies necessary to evaluate 
other co-existent diseases or other medical consequences of this condition are not considered in this 
document. The availability of equipment or personnel may influence the selection of appropriate 
imaging procedures or treatments. Imaging techniques classified as investigational by the U.S. Food 
and Drug Administration (FDA) have not been considered in developing these criteria; however, study 
of new equipment and applications should be encouraged. The ultimate decision regarding the 
appropriateness of any specific radiologic examination or treatment must be made by the referring 
physician and radiologist in light of all the circumstances presented in an individual examination. 

• ACR seeks and encourages collaboration with other organizations on the development of the ACR 
Appropriateness Criteria through society representation on expert panels. Participation by 
representatives from collaborating societies on the expert panel does not necessarily imply society 
endorsement of the final document. 



Implementation of the Guideline 

Description of Implementation Strategy 

An implementation strategy was not provided. 


Institute of Medicine (IOM) National Healthcare Quality 
Report Categories 


IOM Care Need 

Getting Better 
Living with Illness 
Staying Healthy 


IOM Domain 

Effectiveness 
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